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Design and Evaluation of Processes for Fuel Fabrication
Summary
The eleventh quarter of the project covered the following:
• Mr. Richard Silva successfully defended his thesis in April 2004 and graduated from the
MEG Master’s program.
• Further refinements on Concepts and Methods for Vision-Based Hot Cell Supervision
and control, focusing on rule-based object recognition (Ph.D. Graduate Jae-Kyu Lee).
Ms. Caroline Wiejak, an exchange student from the ESIEE in Marne-la-Vallee, France is
continuing with the image analysis effort. To date, she has transferred Jae-Kyu’s code to
Matlab, and is presently expanding its application to more complex 3D shapes.
• Graduate student Jamil Renno refined and detailed his simulations of more complex fuel
manufacturing and fuel pin assembly scenarios using hot cell robots. Jamil also begun
working on the manufacturing modeling of metal fuels.
• The paper “Design and Virtual Testing of Robotic Assembly Processes for Hot Cells”
was presented at the 10th International Conference on Robotics & Remote Systems (in
March 2004) in Gainesville, FL).

1. Hot Cell Robot Dynamics Analysis
Robot Control and Kinematics
The robot controller is implemented using MATLAB Simulink (see Fig 1). The block labeled
(“Waellischmiller”) connects the MATLAB environment with the MSC.visualNastran environment.
The dynamic environments of MSC.visualNastran feeds back the joint angles and joint angular velocities
to Simulink, where the control agorithm is implemented. The simulation provides realistic dynamics
modeling of all moving parts and the robots.
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Figure
1 Computed Torque method implemented in MATLAB

Case Study of Hot Cell Throughput
The throughput of the powder process hot cell designed and described in earlier reports was
studied. The powder process cell contains the following equipment:
1.
2.
3.
4.

Powder Pellet Press
Sintering Oven with Conveyor Belt
Grinder
V-Tray and Cladding Tube

The pellets are moved within the hot cell using two manipulators. Each manipulator has 6 joints,
which allows it to reach any arbitrary point within its workspace with any orientation. Fig. 2
shows the material flow in the hot cell:

Pellet Press

Cladding Tube

Sintering Oven

Surface Grinder

Inspection Station
Figure 2 Material Flow in Hot Cell

Throughput Study
In consideration of criticality concerns, no more than 30 pellets are assumed present in the
hot cell at close proximity at the same time. The maximum permissible acceleration of a pellet is
assumed to be 20 m/s2 (Approx. twice earth gravity). If the trajectory of a pellet is planned so
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that its acceleration doesn’t exceed 20 m/s2, then the robot dynamics equations can be solved,
and the controller can be programmed to keep the manipulator accelerations within the specified
bounds.
Applying the above constraint on pellet motion, it will take 6 seconds to move a single pellet
from the pellet press to the boat (placed on a conveyor belt for sintering). Another 4 seconds are
needed to travel back to get another pellet. Loading all 30 pellets will thus take 296 seconds.
Our hot cell simulation was performed with 5 pellets, which theoretically need 50 seconds to be
moved according to the schedule developed above. The simulation showed a total duration of 52
seconds, with the additional time due to controller delay. Fig. 3 shows the manipulator placing a
pellet in the boat before sintering. The pellet acceleration was monitored and never exceeded 20
m/s2 as designed.

Figure 3 A pellet being placed in the boat prior to sintering. The pellet’s acceleration did not exceed
20 m/s2 as designed.
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Moving one pellet to the grinder takes 6 seconds, as well as 4 seconds to travel back and
move another pellet. The overall time for 30 pellets will be 296 seconds. For 5 pellets, the time
should be 50 seconds. The simulation time was observed as 50.5 seconds.
After grinding, the pellets are placed in the V-Tray for insertion in the cladding tube. Each
pellet has to be inspected individually by a camera before being placed into the V-Tray. The
manipulator can move each pellet in 6 seconds, including 2 seconds for the camera inspection.
For 30 pellets, the manipulator needs 269 seconds to achieve this task. Again, the highest
acceleration attained by any pellet is 20 m/s2.
Depending on the process, sintering can take from 2 to 24 hours to heat-treat 30 pellets. This
time element is clearly dominant, and one would assume that several trays would be present in
the oven any time. Operational safety would be ensured through spatial separation and possibly
additional barriers between boats.
Conclusion
A scientific throughput of a hot cell designed and described in past reports was fully
analyzed and studied. The cycles were studied theoretically using the manipulator’s kinematics.
The simulation in MSC.visualNastran environment shows very close results to those obtained
analytically. The next step in our project will be to model the metallic fuel process in the same
3D environment that was used for the powder processing cell.

2. Object Recognition
Further refinements were made to the object recognition tools developed by Dr. J.K. Lee. The
focus was on porting the segmentation and adaptive filtering for contour detection in CCD
images to Matlab. This work was performed by Ms. Caroline Wiejak of ESIEE, Marne-laVallee.
Fig. 4 shows an example of successful image processing and object identification performed in
Matlab.

G. Mauer Transmuter Fuel Fabrication Report #11
Page 6

Figure 4: Machine Recognition in Matlab
Top Left:
Original Photograph
Top right:
Segmented Image containing Noise
Bottom Left: Steps of the Object Identification Process
Bottom Right: Object is correctly identified as a cube.

Work Plan for June 2004 through August 2004
Parametric analysis of manufacturing simulations.
The loading, unloading, and insertion processes required for powder fuel manufacturing will be
simulated and analyzed further with regard to time requirements, throughput, robot dynamics,
and accident scenarios and recovery from accidents. After completion of the powder process
analyses, we plan to conduct simulations of the metallic fuel manufacturing.
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Object recognition
Ms. Wiejak has commenced working on the recognition of more complex shapes containing
continuous curves such as ellipses. This will be significant for hot cell applications because
objects with cylindrical and spherical shapes represent commonly found configurations.

